A guinea pig herpesvirus (GPHV) has consistently been isolated from leukemic lymphoblasts of strain-2 guinea pigs. GPHV is serologically related to the guinea pig herpes-like virus isolated by Hsiung and Kaplow. The virions of GPHV consist of an icosahedral capsid containing a dense nucleoprotein core enclosed in a doublelayered membrane. The average diameters of GPHV virion and capsid were 166 and 101 nm, respectively. Studies on the morphogenesis of GPHV revealed that, as in other herpesvirus infections, only the nakedcapsids with or without the nucleoprotein core were found in the infected cell nuclei; it was also learned that the virion acquired its envelope by budding from the nuclear membrane of the infected cells. However, GPHV-infected cell nuclei also contained dense fibrous rods, resembling nucleoprotein core outside the capsids, and tubules resembling viral core protein. The capsids were often embedded in dense granular antigen. GPHV deoxyribonucleic acid (DNA) has a density of 1.716 g/ml in cesium chloride compared to herpes simplex virus DNA (p = 1.728 g/ml) and cellular DNA (p = 1.700 g/ml).
Opler's observation (18) of C-type particles in lymphoblasts of leukemic guinea pigs suggested a viral etiology for guinea pig leukemia. Nadel et al. (14) , and more recently Feldman and Gross (6) , also observed such particles in leukemic, but not in normal, guinea pigs. However, no one has successfully demonstrated that these C-type particles are the leukemogenic agent in guinea pigs. We also studied the role of viral agents in guinea pig leukemia and consistently found Ctype particles budding from the endoplasmic reticulum of leukemic lymphoblasts. However, we were unable to produce this agent in tissue culture in sufficient quantity to characterize its biological and biophysical properties. During this investigation, we consistently noted the activation of a second virus in leukemic lymphoblasts cultured in vitro. This agent has the properties of herpesvirus. A similar virus bas been isolated from normal and leukenic strain-2 guinea pigs by Hsiung and Kaplow (9) and more recently from other strains of guinea pigs as well by Bhatt et al. (2) . This report describes some morphological and biochemical characteristics of this guinea pig herpesvirus (GPHV) which was isolated from leukemic strain-2 guinea pigs.
MATERIALS AND METHODS
Guinea pigs. All the strain-2 guinea pigs (both infected and uninfected) used in these experiments were kindly supplied by S. Opler of Stanford University. Leukemia in these animals is maintained by inoculating tissues of infected animals (spleen, blood, tumors, etc.) into healthy animals. No infectious leukemogenic agent has yet been isolated from these leukemic guinea pigs. Infected animals develop leukemia within 2 to 3 weeks after inoculation. The animals in terminal phase of leukemia were exsanguinated by cardiac puncture. Gross and histopathology of the disease have been described by Opler (19) . Hartley and English short-hair strains of guinea pigs were purchased locally.
Cell culture. Usually, circulating lymphoblasts or lymphoblasts from a local tumor, mesenteric lymphoid tumors, and spleen of leukemic guinea pigs were placed in tissue culture. Modified Eagle medium containing inactivated fetal calf serum (10 to 20%), tryptose phosphate broth (10%,) penicillin (200 IU/ ml), and streptomycin (200 ,Ag/ml) was used. The medium was normally changed twice a week or as needed. Guinea pig embryo cultures (GE) were prepared from 1-to 1.5-month-old embryos by using the usual procedure of cell culture.
Labeling of infected cells. Monolayers of cultures were infected with GPHV. When the initial cytopathic changes became evident (usually 6 to 8 days after infection), the old medium was replaced with medium containing 3H-thymidine (specific activity, 25 NAYAK Virus purification. The culture medium was freed from cells and subcellular debris by two cycles of centrifugation in an RC-2B Sorvall centrifuge (10,000 rev/min for 10 min in an SS 34 rotor). Virus was concentrated twice at the interface of 70 and 20% sucrose and finally purified by density-gradient centrifugation in a preformed linear 70 to 20% sucrose gradient (15) . After centrifugation, the density, radioactivity, and infectivity of each fraction were analyzed, and peak fractions were examined by negative staining and thin sectioning for the presence of virus particles.
Isolation and analysis of viral and cell DNA. Deoxyribonucleic acid (DNA) from infected cells and purified virus was isolated and anaylzed in a cesium chloride gradient as described by others (21, 25 In such cultures, most of the cells remained in suspension, and over 80% were dead in 72 hr as determined by dye exclusion. Some fibroblasts adhered to the bottom of the dishes in about a week. By the second week, a few foci of clumped cells appeared in culture. Finally, all of the cells would round up and die around the fourth or fifth week of culture. It is at this time that the herpes-like virus (GPHV) can be first seen in the electron microscope. The results were the same if a fecder layer of GE culture was used for these leukemic lymphoblasts.
Morphology. The morphology of GPHV was studied both by negative staining of intact virions isolated from sucrose-density gradients as well as by positive staining of a thin section of virions and infected cells. It was clear that the tissue culture-activated GPHV was completely different from mature and immature C-type particles observed in vivo in leukemic lymphoblasts by Opler (18) , Nadel et al. (14), Feldman and Gross (6) , and by us (Fig. 1 ). These C-type viruses with an average diameter of 101 nm bud from the endoplasmic reticulum into the cytoplasmic cysternae. GPHV on the other hand has the morphological characteristics of a herpesvirus ( Fig. 4-9 ; Table   1 ). Mature GPHV consists of an icosahedral capsid containing a dense nucleoprotein core surrounded by a double-layered membrane. The outer membrane often extends with the formation of a small tail. Mature GPHV is spheroidal and has an average diameter of 166 nm. The icosahedral capsid is about 101 rum. There is a dense material between the capsid and the outer envelope ( Fig. 5 and 7 ). Negative staining of purified virions and capsids also revealed the same structural components. Large virion-like structures containing several (as many as eight) capsids (Fig. 12 ) and naked capsids were often found in some preparations of purified virion isolated from sucrose gradients (Fig. 9 ).
Biological and serological properties. Once the virus is activated it can be passed serially in normal guinea pig embryonic culture. It usually takes 7 to 14 days to produce visible cytopathic effect (CPE; Fig. 2 and 3 ). CPE consists of infected cells which become round, refractile, and loose and which often clump together. In GE cells, the maximum titer is around 104 infectious units as determined by end point dilution in tissue culture. This titer is 50-to 100-fold over the input virus. Freezing and thawing once reduced the infectivity at least 10-fold. The infectivity of GPHV is also sensitive to ether treatment. CPE in GE cultures after infection was enhanced by incubation in reduced temperature (33 C), in acidic culture medium, and in medium deficient in arginine. All of these conditions have been found to activate the EB virus in Burkitt's lymphoma cells (7, 9) . GPHV (Fig. 10) . The electron-dense material, when found inside the capsids, appeared in different stages of condensation: ring form or dense nucleoid ( Fig. 10 and 13 ). Some capsids possibly contained only core protein as apparent from the lack of electron density (Fig. 13) . These structures representing different stages in the development of GPHV capsids were similar to those found in other herpesvirus infection (3, 4) . Also found inside the nucleus were dense, rod-like structures as reported in some herpesvirus-infected cells (4) . The rods resembled DNA protein core and were often found in close association with capsids ( Fig. 13) . Inside the nucleus, capsids were often found embedded in a spherical electron-dense material (Fig. 11) which was similar to intranuclear granular antigens in herpesvirus-infected cells (16, 23 (Fig. 12) . This dense intranuclear granular antigen is present also around single capsids, is often eccentric in arrangement, and resembles closely the dense material often found between the capsid and the envelope (Fig. 4, 5, 7) . A similar dense material between the envelope and the capsids in the herpesvirus associated with frog renal adenocarcinoma has been reported (24) . Tubular structures which have the same density and diameter as the empty core proteins found inside the capsids can also be seen in the nucleus (Fig. 14) . Such tubules have been found in guinea pig cytomegalovirus infection (13) .
Complete virions were not found in the nucleus; however, cytoplasmic invagination containing matured virions was observed inside the nucleus (Fig. 15) . The virions acquire their envelope during budding from the nuclear membrane (Fig. 16 ) as has been reported by others (4) . Matured virions were found in close association with the plasma membrane and outside the cell membrane (Fig. 8) , but very few could be located in the cytoplasmic vacuoles.
Putification of viiions and characterization of viral genome. The morphology and the maturation of the virions suggest that this agent is a herpes-type virus. Next. experiments were designed to purify the virus and characterize the viral genome. Cells were infected and labeled with 3H-thymidine (3H-TdR) when foci became visible. After labeling for 72 hr, the medium was harvested. The virus was concentrated on 2 M sucrose and purified on a sucrose-density gradient (20 to 70%) as described above. A sample of each fraction was counted, and the fractions containing the peak of radioactivity were examined by negative staining for virus particles. The infectivity in the peak fractions of the gradient was around 105-5 units/ml and coincided with the peak of radioactivity. The recovery of the total infectious virus in the sucrose gradient was only 10 to 15% of the total infectious units used in the purification procedure. DNA was isolated from purified GPi-V and was found to be heavier than GE cell DNA (p = 1.700 g/ml). GPkIV DNA had a density of 1.716 g/ml in cesium chloride (Fig. 17) .
When DNA was isolated from infected cells after labeling with 8H-TdR, as above, the newly synthesized viral DNA also had a peak of 1.716 g/ml (Fig. 18) . 14C-TdR-labeled DNA of HeLa cells infected with herpes simplex virus was used as a marker in the same gradient. HeLa cell DNA and HSV DNA had a density of 1.700 and 1.728 g/ml, respectively, in cesium chloride (20) . 3H-labeled DNA isolated from purified GPHV and 14C-labeled DNA isolated from GPHVinfected cells had the same density if run in the same cesium chloride gradient. Further proof that the nucleic acid in GPHV virion is DNA was demonstrated by its deoxyribonuclease sensitivity, resistance to ribonuclease, and resistance to alkali. Relationship of GPHV with guinea pig leukemia. Two different viruses have, therefore, been found in lymphoblasts of strain-2 leukemic guinea pigs. (i) A C-type virus particle has been observed in vivo, but usually not in vitro (Fig. 1). (ii) GPHV, a herpes-type DNA virus, is isolated from guinea pig cells only in vitro culture and not in vivo.
It is possible that guinea pig leukemia is caused by one of these two viruses or by the interaction of both viruses or by none. Wepsic et al. (27) and Sarma et al. (22) (11) . However, the presence of C-type particles in nonleukemic guinea pigs does not rule out its etiological role in guinea pig leukemia. GPHV, on the other hand, has now been isolated from leukemic and nonleukemic strain-2 guinea pigs (2, 9). Preliminary data suggest that GPHV, when inoculated directly, fail to induce leukemia in strain-2 or Hartley guinea pigs (unpublished data). Inability to induce immunity against a similar herpesvirus isolated by Bhatt et al. (2) indicated the tolerance of guinea pigs to GPHV antigen, suggesting either congenital or hereditary transmission of GPHV. The characteristics of GPHV are very similar to those of EB virus (EBV) found in Burkitt's lymphoma. EBV is also activated in lymphoblasts only in tissue culture and not found in lymphoblastic cells in vivo (5) .
The conditions of activation for EBV and GPHV are very similar (7, 8) . The density of GPHV DNA is similar to that of EBV DNA (26) which is also similar to cytomegalovirus DNA. The infection of EBV is also widespread and not limited to persons with Burkitt's lymphoma. Herpes-type viruses have been found as the causal agent in lymphoma in monkeys (12) and Marek's disease in chickens (17) . Possible role of GPHV in inducing guinea pig leukemia has recently been suggested (10) . Whether GPHV alone or in association with a C-type virus has any etiological role in guinea pig leukemia remains to be established.
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